We studied 11 cases of left ventricular pseudoaneurysm (nine patients) diagnosed by colour flow imaging and we describe the diagnostic features of cross sectional imaging and Doppler echocardiography and the advantages ofthe colour flow imaging technique over both other ultrasound techniques and left ventricular angiography.
A pseudoaneurysm of the left ventricle is a rare complication of myocardial rupture. Containment of the resulting haematoma by adherent pericardium prevents immediate tamponade and sudden death. '2 Myocardial infarction is the most common cause of myocardial rupture, which can also be a consequence of ventriculotomy and valve replacement (along the valve annulus), penetrating chest injury, and endocarditis.' The tendency for pseudoaneurysms of the left ventricle to rupture spontaneously has been suggested by pathological studies,45 whereas true left ventricular aneurysms tend not to rupture.
Therefore, the non-invasive recognition of these two types of aneurysm may be useful and relevant to outcome.
distinguishing between pseudoaneurysms and true aneurysms of the left ventricle.' However, unless cross sectional echocardiography shows a communication between left ventricle and the pseudoaneurysm sac the diagnosis cannot be confirmed. Pulsed Doppler can show abnormal flow across the myocardial defect into the suspected pseudoaneurysm and thus prove the diagnosis.910 Colour flow imaging is particularly useful for the diagnosis of abnormal intracardiac shunts because it overlays flow information on the cross sectional image. It should therefore aid the diagnosis ofcardiac rupture because it improves the definition of the site of transmyocardial flow.
We studied 11 cases of left ventricular pseudoaneurysm (nine patients) diagnosed by colour flow imaging and we describe the diagnostic features of cross sectional imaging and Doppler echocardiography and the advantages ofthe colour flow imaging technique over both other ultrasound techniques and left ventricular angiography. The characteristic waveform obtained by both pulsed and continuous wave Doppler consistently showed a multiphasic "to and fro" flow pattern ( fig  1) . In this example flow into the pseudoaneurysm had two major peaks-the first peak corresponded with atrial contraction and the second peak with ventricular systole. Flow out of the pseudoaneurysm started in late systole. The maximum velocity peak in this direction was in early to mid diastole. There was a consistent and often pronounced variation in maximal velocity throughout the respiratory cycle, with inspiration increasing the maximal jet velocity by up to 1-5 m/s. The waveform had a similar configuration to that of the mitral inflow velocities but differed fundamentally in its timing. This flow pattern was characteristic of all 11 cases of pseudoaneurysm studied; it varied only in the peak velocity of the waveforms (that is, the degree of restriction'of the myocardial defect) and their degree of respiratory variation in peak velocity.
DOPPLER COLOUR FLOW IMAGING
In all 11 cases of left ventricular pseudoaneurysm colour flow imaging demonstrated one or more systolic turbulent jets exiting from the left ventricular cavity through the left ventricular free wall or apex into an echo free cavity bounded by pericardium. Diastolic turbulence was consistently noted within the left ventricular cavity at the site of the defect. Figure 2 shows a colour flow image of a narrow, turbulent, mosaic jet entering and leaving a posterolateral pseudoaneurysm through a break in the lateral wall of the left ventricle. In systole a mosaic pattern was identified within the pseudoaneurysm-confirming turbulent flow entering the pseudoaneurysm. In diastole the mosaic pattern occurred within the left ventricle-confirming turbulent flow exiting from the pseudoaneurysm. The extension of the jet and the degree of turbulence varied with respiration. In one patient two jets were found. In early -systole they were directed into the pseudoaneurysm and in early diastole they were directed from the pseudoaneurysm into the left ventricular cavity. The diagnosis of all 11 cases was confirmed by left ventricular angiography or operation or both. During the two year study period there were no false positive diagnoses of left ventricular pseudoaneurysm in more than 9000 routine and emergency cases studied in the two echocardiographic laboratories.
Discussion
A pseudoaneurysm of the left ventricle is defined as a myocardial rupture contained by pericardium and thrombus with no remnants ofmyocardial tissue.'2 It is a rare complication of myocardial infarction, but has also been reported after cardiac surgery, chest trauma, and endocarditis.3 A pseudoaneurysm after 63 rupture of a true left ventricular aneurysm is rare, although it has been reported as a coincidental finding." Clinically and radiographically it is difficult to distinguish a pseudoaneurysm from a true aneurysm of the left ventricle-until recently this required left ventricular angiography. The suggested tendency for pseudoaneurysms to rupture4 means that non-invasive recognition of these two types of aneurysm is important because their management may differ, especially in symptom free patients. Cross sectional echocardiography is a useful noninvasive technique for the diagnosis of left ventricular pseudoaneurysms, as is radionuclide imaging," which is not so widely available.
The main echocardiographic features of a left ventricular pseudoaneurysm include: (a) a saccular echo free space outside the perimeter of the left ventricle, which usually contains thrombus; (b) a sharp break in the myocardial echo; and (c) an entry orifice with a diameter that is small compared with the diameter of the pseudoaneurysm cavity. This contrasts with true left ventricular aneurysms where the diameters of the orifice and cavity are approximately equal.67 However, cross sectional echocardiography may fail to identify small myocardial rupture sites. The differential diagnosis is then a pseudoaneurysm, a localised pericardial effusion or haematoma, and a pericardial cyst or diverticulum. In theory the improved image resolution obtained by transoesophageal echocardiography might improve the identification of small ruptures of the myocardium not visualised by conventional echocardiography. Experience with transoesophageal studies of left ventricular pseudoaneurysms is limited. In two cases in our series transoesophageal echocardiography was performed with the patient anaesthetised before cardiopulmonary bypass. Both were cases of posterolateral pseudoaneurysm and the rupture sites could not be directly visualised in either case. This may reflect the inherent difficulty in imaging the posterolateral and apical aspects of the left ventricle by the transoesophageal approach. Further experience is required before a more definitive statement can be made about any benefits which might be gained by using this new technique in the diagnosis of left ventricular pseudoaneurysm.
The addition of pulsed Doppler has proved a helpful adjunct to cross sectional echocardiography because it increases diagnostic specificity and sensitivity.910 Pulsed Doppler confirms abnormal flow between the left ventricle and the echo free space at the site ofmyocardial disruption, thus distinguishing it from echo "drop-out" and can confirm the diagnosis even when the site of myocardial rupture is not visualised. However, in our study the combination of cross sectional and Doppler echocardiography failed to establish the diagnosis in 27% of cases. In contrast, colour flow imaging showed the communication between the left ventricle and the pseudoaneurysm in all 11 cases. The resultant turbulent jet was used to delimit the area in which continuous wave and pulsed Doppler studies could confirm the characteristic waveform. In addition, colour flow imaging provided information on the flow characteristics of blood within the pseudoaneurysm. Flow was directed along one wall of the pseudoaneurysm towards its most distal point where it turned and then returned along the other wall. The area of disturbed flow was usually restricted to the area around the entry/exit point of the pseudoaneurysm; flow was laminar around the edges.
Echocardiography often shows thrombus within the pseudoaneurysm cavity.' We found thrombus in half the patients we studied; it seemed to be more common in patients with chronic pseudoaneurysms than in those with acute ones.
In nine cases we were able to compare the results of non-invasive tests with those obtained at cardiac catheterisation. In seven cases left ventricular angiography produced good opacification and delineation of the pseudoaneurysm cavity with identification of the "neck" of the pseudoaneurysm. In the other two cases opacification and identification of the "neck" of the pseudoaneurysms were not possible because of dilution of contrast within their large cavities. In these cases the diagnosis was confirmed only by the appearance of the faintest trace of contrast outside the left ventricular contour. Others have also reported that some left ventricular angiograms are unsatisfactory for the diagnosis of left ventricular pseudoaneurysm. 6 We conclude that colour flow imaging is a sensitive diagnostic technique that should be in addition to cross sectional imaging and conventional Doppler echocardiography for the diagnosis of left ventricular pseudoaneurysm. Cardiac catheterisation can then be reserved for those patients who require precise coronary artery definition before surgical repair. 
